and correlates with the extent of disease, namely pancolonic involvement in ulcerative colitis and colonic involvement in CD. 2 Deep vein thrombosis (DVT) and pulmonary embolism (PE) are the most common types of TE in IBD and represent significant morbidity and mortality. Patients with IBD with TE have a 2-fold higher mortality rate than patients without IBD with TE. 3, 4 Data obtained from the United Kingdom primary care database showed that of 17 evaluated chronic illnesses, only cancer and heart failure had a greater risk for venous TE than IBD. 5 Frequency of hereditary thrombophilia is similar in patients with IBD and without IBD. 6 Nonetheless, acquired prothrombotic risk factors such as immobility, surgery, use of intravenous catheters, vitamin deficiencies, and excessive inflammation are common in patients with IBD. 2 Despite research efforts investigating the occurrence of TE in patients with IBD, the etiology is still not well understood and multifactorial. Hypofibrinolysis could possibly lead to TE. Fibrinolysis is initiated when plasminogen is converted into plasmin by plasminogen activators. Both active plasminogen activator inhibitor 1 (PAI-1) and activated thrombin activatable fibrinolysis inhibitor (TAFIa) hamper plasmin formation and are considered as 2 major fibrinolysis inhibitors. High active PAI-1 concentrations and an increased extent of TAFI activation have been associated with the occurrence of TE. [7] [8] [9] [10] [11] Because only active PAI-1 attenuates fibrinolysis through the formation of a complex with tissue-type plasminogen activator, it is very important to discriminate active from total PAI-1 antigen (comprising latent, substrate, and active PAI-1). Current available assays can measure total PAI-1 antigen and active PAI-1, which allows calculating the active to total PAI-1 ratio. On activation of intact TAFI, the activation peptide of TAFI (AP-TAFI) is released form the active moiety (active TAFI, TAFIa). Subsequently, TAFIa cleaves C-terminal lysine residues of partially degraded fibrin, thereby abolishing the cofactor function of fibrin in the conversion of plasminogen to plasmin. The extent of TAFI activation can be determined by measuring the released activation peptide (AP-TAFI). 12 PAI-1 and TAFI concentrations have been studied in patients with IBD, but discrepant findings have been reported. [13] [14] [15] To the best of our knowledge, no comparison was made so far between patients with IBD with and without a history of TE. In this study, using a comprehensive panel of PAI-1 and TAFI assays, we measured total PAI-1 antigen, active PAI-1, intact TAFI, and AP-TAFI in plasma of healthy controls (HC) and patients with IBD with and without a history of TE. In addition, we compared the clot lysis profiles between those groups.
METHODS

Study Design
Between February 2009 and May 2012, 124 patients with IBD in whom a TE occurred between January 1987 and March 2014 were seen at the Gastroenterology Division of the University Hospitals of Leuven. Patients with a TE before the diagnosis of IBD were excluded. TE included both venous and arterial thrombosis. Venous TE comprised DVT, PE, thrombophlebitis and other veins, and arterial TE comprised ischemic events, myocardial infarction, and other arteries. Finally, 84 patients with IBD with a history of TE (IBD + TE) met the inclusion criteria. In the same period, 118 patients with IBD without a history of TE (IBD 2 TE) and 113 HC were selected as control groups in this case-control study. HC and patients gave written informed consent to participate in the IRB-approved "Vlaamse Erfelijkheidsstudie Crohn and Colitis ulcerosa" (VLECC) biobank (B322201213950/ S53684) and filled out a questionnaire before the collection of blood samples.
Plasma Collection
A venipuncture in the antecubital vein was performed while the patients and controls remained in a seated upright position. Blood was collected in a 2.7 mL BD Vacutainer (Becton, Dickinson and Co., Franklin Lakes, NJ) containing 3.2% buffered sodium citrate, serving as an anticoagulant. Platelet poor plasma was obtained by centrifugation at 1800g for 10 minutes at room temperature and stored at 2208C.
Clinical Characteristics
Medical records were used to collect demographic features, type of TE, disease activity, comorbidities, and IBD medication. Disease activity was assessed based on physician's global assessment including, where possible, objective markers of inflammation (e.g., C-reactive protein [CRP] ) and imaging. Comorbidities such as disorders in liver, heart, kidney, prostate, joint, thyroid, pancreas or ankylosing spondylitis, cancer, gout, iron-deficiency anemia, diabetes, chronic obstructive pulmonary disease or asthma, and thrombophilia abnormalities were recorded. Medication taken for IBD included 5-amino salicylic acids (5-ASA), corticosteroids (CS), thiopurines, methotrexate, cyclosporine, and biologicals. Use of general pain killers was not recorded.
Laboratory Analysis
TAFI and PAI-1 Concentrations
TAFI and PAI-1 concentrations were determined by inhouse developed enzyme-linked immunosorbent assays (ELISAs), earlier described in Reference 7. Total PAI-1 antigen (latent, active, and complexed) was measured by the MA-31C9/MA-55F4C12-HRP ELISA and active PAI-1 using MA-21F7C4/MA-51H8 ELISA. [16] [17] [18] The active to total PAI-1 ratio (ratio PAI-1) was calculated. Intact TAFI antigen was measured using MA-T12D11/ MA-T30E5A2-HRP ELISA and AP-TAFI using MA-T12D11/ MA-T18A8-HRP ELISA. 19 All measurements were performed in duplicate. A buffer solution (blank) and plasma pool were included as negative and reference control, respectively. The plasma pool was prepared from blood obtained from 29 healthy individuals (15 women and 14 men) with a mean age of 33 years (range, 23-57 years). The blood was collected, processed, and stored as described above.
Clot Lysis Assay
Clot lysis assay was performed as earlier described in Reference 20. Briefly, human plasma (final concentration of 30%) was mixed with dilution Tris-buffer in a 96-well microtiter plate. Tissue-type plasminogen activator (180 pM) was added to induce lysis and CaCl 2 (10.6 mM) to initiate clot formation. The clot lysis turbidity profile of every control/patient was determined by measuring the optical density at 405 nm every 2 minutes for 240 minutes. The area under the curve (AUC), the 50% clot lysis time (50% CLT), and the amplitude were calculated. The AUC is an integrated measurement reflecting the overall coagulation/fibrinolysis profile. The 50% CLT is the time in minutes between the time point of maximum turbidity and the midpoint of the maximum turbid to clear transition, representing the fibrinolysis rate. The amplitude is the maximal clot absorbance, indicating clot formation. All measurements were performed in duplicate.
Statistics
Quantitative data were summarized by mean and standard deviation (mean 6 SD) or median (interquartile ranges) for normally and nonnormally distributed continuous variables, respectively. Shapiro-Wilk normality test was used to assess the normality of continuous variables. Receiver operating characteristics (ROC) analysis, upper left cutoff level determination, and multiple logistic regression analyses were performed using the software R (version 3.0.2, http://www.r-project.org/). Corrections were made for age, gender, disease type, disease activity, the presence of comorbidities, platelet count, CRP, and WBC. Univariate analyses were performed using GraphPad Prism 5 (GraphPad Software, Inc., San Diego, CA). Unpaired t tests and Mann-Whitney tests were used to compare 2 groups of unpaired continuous data and analysis of variance tests to compare more than 2 groups of unpaired data. Fisher's exact test was used to compare 2 groups of unpaired categorical data. To analyze correlations, the Spearman correlation test was used. P values less than 0.05 were considered statistically significant.
RESULTS
HC Versus Patients with IBD
The median (interquartile range) age of 113 HC (40% males) was significantly lower than the median age of 202 patients with IBD (51% males, 65% CD) (30 [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] years versus 47 years, P , 0.05). Mann-Whitney tests revealed that total PAI-1 antigen, active PAI-1, intact TAFI, AUC, and 50% CLT were significantly lower in HC compared with patients with IBD ( Table 1 ). These parameters remained associated with IBD after corrections for age and gender (P , 0.05). Active to total PAI-1 ratio, AP-TAFI, and amplitude were not significantly different between HC and patients with IBD.
Of the 202 patients with IBD, 64 were identified with active disease (55% males, 58% CD, median age of 37 
Patients with IBD with and Without CS Treatment
At the time of sampling, 43 patients received CS therapy (51% males, median age of 42 years) and 159 patients did not receive CS therapy (51% males, median age of 44 Active to total PAI-1 ratio, AP-TAFI, and the 3 studied clot lysis parameters were not different between both therapy groups. Interestingly, also after corrections for age, gender, type of disease, disease activity and presence of comorbidities, total PAI-1 antigen, active PAI-1, and intact TAFI remained associated with the use of CS therapy. Age, gender, disease type, and presence of comorbidities were not associated with CS therapy intake, whereas activity of disease was highly associated (P , 0.05).
Patients with IBD with and Without a History of Thrombosis
Eighty-four patients with IBD + TE (45% males, 70% CD) and 118 patients with IBD 2 TE (55% males, 63% CD) were included. Fisher's exact test revealed that gender and disease type were not significantly different between both groups. In the IBD + TE cohort, 70 of the 84 (83%) patients with IBD were identified with a venous TE compared with 14 of the 84 (17%) with an arterial TE. Of the 84 patients, 28 (33%) were identified with a DVT, 11 (13%) with a PE, 5 (6%) with both a DVT and a PE, 12 (14%) with a venous TE other than DVT or PE, 14 (17%) with thrombophlebitis, 12 (14%) with ischemic TE or myocardial infarction, and 2 (2%) with an arterial TE. At the time of TE, 60 of the 84 patients (71%) had active disease.
At the time of sampling, 25% of the patients were identified with active disease and 23% used CS therapy in the IBD + TE group, which was not significantly different from the IBD 2 TE group, 36% and 20%, respectively (P . 0.05). A significant higher percentage of patients with comorbidities was detected in the IBD + TE group compared with the IBD 2 TE group, 66% versus 37%, respectively (P , 0.01) ( Table 2) . Univariate Mann-Whitney tests (IBD + TE versus IBD 2 TE) showed significant differences in age, active to total PAI-1 ratio, AP-TAFI, AUC, 50% CLT, and amplitude (Table 2) . No difference in intact TAFI, PAI-1 antigen, active PAI-1, CRP, or WBC was detected (Table 2) . Multiple logistic regression modeling revealed that active to total PAI-1 ratio, AUC, 50% CLT, and amplitude remained associated with the presence of TE after correcting for age, gender, disease activity, presence of comorbidities, disease type, CRP, platelets, and WBC (P , 0.05).
Disease Activity
The patients with IBD were allocated into 4 subgroups based on the presence of TE and the activity of disease at the time of sampling (IBD + TE and active disease, IBD + TE and inactive disease, IBD 2 TE and active disease, and IBD 2 TE and inactive disease). Analysis of variance analysis showed that age, CRP, WBC, active to total PAI-1 ratio, AUC, and amplitude were significantly different between the 4 groups ( Table 3) .
ROC Analysis
ROC analysis was performed to distinguish patients with IBD + TE from HC. The clot lysis parameter AUC was the best discriminator with an area under the ROC curve of 0.80 (95% confidence interval, 0.73-0.87) and an optimal cutoff level of 23 optical density · minutes (specificity of 73% and sensitivity of 77%) (Fig. 1) .
C-reactive Protein
The proinflammatory acute phase reactant CRP correlated with the amplitude in both IBD + TE (r ¼ 0.30, P ¼ 0.01) and IBD 2 TE (r ¼ 0.36, P , 0.01) but not with AUC or 50% CLT. CRP also correlated significantly with PAI-1 antigen in patients with IBD + TE (r ¼ 0.26, P ¼ 0.03), however not with active PAI-1 or active to total PAI-1 ratio. No correlation between CRP and any of the PAI-1 measurements was observed in patients with IBD 2 TE.
Time Between Occurrence of Thrombosis and Plasma Collection
The median (interquartile range) time interval from IBD diagnosis until first TE diagnosis was 9.0 (3.0-17.0) years. The median (range) time between plasma collection and TE event was 5.0 (0.04-24) years. No correlation was found between the time interval (time between TE and plasma sampling), and CRP, platelets, WBC, PAI-1 antigen, active PAI-1, active to total PAI-1 ratio, intact TAFI, AP-TAFI, 50% CLT, AUC, or amplitude.
DISCUSSION
The occurrence of thromboembolic complications in IBD is associated with a significant impact on mortality. 3, 4 The pathogenesis of TE in IBD has been studied intensively, and many risk factors have been described without identifying one major risk factor. The complex interplay between inflammation and coagulation plays definitely a key role. Several hemostatic abnormalities have been reported in patients with IBD, among them altered TAFI and PAI-1 concentrations. TAFI and PAI-1 are 2 major fibrinolysis inhibitors that have been associated with the occurrence of TE, 7-11 although conflicting results are reported concerning their concentrations in patients with IBD. [13] [14] [15] This study revealed that fibrinolysis parameters, such as PAI-1 antigen, active PAI-1 and intact TAFI, and clot lysis parameters, such as the 50% CLT and the AUC, are significantly associated with the presence of IBD disease, compared with HC. The increase in both active and total PAI-1 may explain why no difference in the ratio of active to total PAI-1 was observed. In 2008, Koutroubakis et al 13 have shown that PAI-1 activity levels are higher in patients with IBD compared with HC and are higher in patients with active disease compared with patients with inactive disease, which is in agreement with the increase in active PAI-1 concentration observed in patients with IBD included in this study, although we could not correlate PAI-1 concentrations (total, active, or ratio) with disease activity. PAI-1 is an acute phase reactant, of which the expression is upregulated in response to proinflammatory cytokines such as tumor necrosis factor alpha, known to be associated with IBD severity. 21 Interestingly, comparing PAI-1 concentrations across patients with IBD with and without TE revealed that in particular, the ratio of active to total PAI-1 is significantly higher in patients with TE. This is attributed to a higher concentration of active PAI-1, although the total concentration of PAI-1 antigen did not differ between both groups. It is therefore important to make a distinction between both the active and inactive forms of the fibrinolysis inhibitor. Although CS are used in the treatment of IBD for their broad anti-inflammatory effect, it also has a well-known procoagulant effect. Next to its influence on coagulation factors, CS can enhance the synthesis of the antifibrinolytic protein PAI-1. 22, 23 In this study, we showed indeed that at the time of sample collection, patients with IBD on CS therapy had higher total PAI-1 and active PAI-1 concentrations compared with patients not receiving CS therapy. This association remained significant after correcting for disease activity, age, gender, disease type, and the presence of comorbidities. Because we recently showed that active PAI-1 is associated with TE 7 and IBD is known to induce a hypercoagulable state, we want to emphasize that it is important to determine whether the use of CS will further enhance this process. Reducing steroid use has been proposed as one of the actions that can potentially reduce the incidence of TE in IBD. 24 Saibeni et al 14 showed increased intact TAFI levels in patients with IBD compared with HC, whereas Koutroubakis et al 13 found lower intact TAFI levels in patients with IBD. The latter study suggested that the decreased intact TAFI levels might result from enhanced consumption owing to TAFI activation. In both studies, commercial ELISAs were used that cannot discriminate between intact TAFI and activated TAFI. Owczarek et al 15 measured activated TAFI levels with a functional assay and found that TAFIa levels were higher in patients with IBD compared with HC. However, they used a reference value for HC instead of actually measuring TAFIa in HC. This study revealed that intact TAFI and AP-TAFI were both associated with the presence of IBD disease. Furthermore, we did not detect a difference for intact TAFI or for AP-TAFI between patients with IBD with and without a history of TE. Altogether, we conclude that TAFI does most likely not play a significant role in the occurrence of TE in patients with IBD, which is in line with a previous report investigating the role of TAFI in the occurrence of venous thrombosis. 7 So far many prothrombotic abnormalities have been described in IBD; however, specific biomarkers to identify patients at risk for TE are still lacking. A global clot lysis assay generates a profile, which indicates the interplay between coagulation and fibrinolysis. In this study, all 3 clot lysis parameters studied (AUC, 50% CLT, and amplitude) were significantly higher in patients with IBD with a history of TE compared with patients with IBD without a history of TE. Multivariate analysis showed that after corrections, the 3 parameters remained associated with the presence of TE. Furthermore, these profiles showed that the coagulation-fibrinolysis system is altered in patients with IBD with TE, independently of the time after occurrence of TE because the time between TE and plasma collection did not correlate with any of the 3 parameters. CRP correlated significantly with the amplitude but not with the 50% CLT, suggesting that the amplitude indicating the clot formation is associated more with inflammation compared with the clot lysis. The increase in amplitude might be a reflection of high fibrinogen levels or an increased endogenous thrombin potential because an increase in both fibrinogen and thrombin has previously been reported in IBD. [25] [26] [27] [28] Furthermore, fibrinogen is known to be an acute phase reactant [29] [30] [31] and has been linked with an increase in maximal clot absorbency (turbidity). 32 It has been estimated that risk-appropriate thromboprophylaxis may reduce the incidence of thrombosis up to 70%. 33 We propose therefore a risk assessment (Fig. 2) in which clinical data and clot lysis profile parameters will be combined to identify patients with IBD who need special attention. In this study, patients with IBD with a history of TE had a significant higher percentage of comorbidities (66% versus 37%, respectively), FIGURE 2. Proposal for a risk assessment for patients with IBD at risk to develop a thrombosis. Patients with IBD are stratified according to their general and IBD-specific risk factors for TE into high-risk patients and intermediate/low-risk patients. Hospitalized patients with IBD or patients with IBD with multiple general risk factors are considered "high risk" and thromboprophylaxis is recommended. For nonhospitalized patients with IBD, the need for thromboprophylaxis is less clear. Patients with IBD with risk factors such as surgery in the previous 6 months, a history of TE, IBD flares, prolonged immobility, or long-time steroid treatment are considered more at risk for TE. A global clot lysis assay will help, in this particular case, to determine if the patient is considered as "intermediate risk," then thromboprophylaxis is recommended, or "low risk," then no thromboprophylaxis is recommended.
reflecting again the need for a profound clinical assessment. A history of TE, presence of cardiovascular diseases or other comorbidities, use of oral contraceptives, smoking behavior, obesity, immobility, genetic predisposition for TE, and presence of recent surgery should be assessed (Fig. 2) . In this study, a threshold AUC that distinguished patients with IBD + TE from HC was delineated. The cutoff reveals an acceptable sensitivity (77%) and specificity (73%), allowing to identify patients at risk. However, further stratification through assessing IBD-specific risk factors such as active disease, steroid therapy, and prolonged immobility will increase these sensitivity and specificity percentages, emphasizing the importance to combine clot lysis and clinical data in the risk assessment (Fig. 2) . Recent surgery is a major risk factor for thrombosis, and therefore, longer thromboprophylaxis after surgery is required, especially in patients with IBD who are prone to develop TE. Besides the assessment of recent surgery, a history of TE is as well a very important parameter to implement in the risk assessment model because it has been shown that patients with IBD have a high risk for recurrence of TE. 34 Furthermore, a steroid-sparing anti-tumor necrosis factor therapy may be the treatment of choice for patients with IBD with severe disease and additional risk factors for TE. 20, 35 We recommend that the selected patients with IBD should be advised on additional risk factors such as smoking behavior, the use of oral contraceptives, and longdistance travel. In addition, physician's should consider a steroid-sparing IBD therapy, and in case anticoagulant prophylaxis is needed, low-molecular-weight heparin, unfractionated heparin, or fondaparinux can be given (see recommendations in Fig. 2 ). [36] [37] [38] In conclusion, to the best of our knowledge, this is the first study to compare fibrinolysis and clot lysis parameters in patients with IBD with and without TE revealing that both the clot lysis profile and the ratio of active to total PAI-1 are altered in patients with IBD with a history of TE. However, to prove a direct causeeffect relation between the fibrinolysis and clot lysis parameters and the occurrence of TE, prospective studies are warranted.
